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0* FOREWORD 

0-1 This Indian Standard ( First Revision ) ( Part I ) was adopted by the 
Indian Standards Institution on 5 May 1978, after the draft finalized by 
the Capacitors Sectional Committee had been approved by the Electro- 
nics and Telecommunication Division Council. 

0.2 This Standard ( Part I ) lays down test methods and general require- 
ments forjudging the performance of ceramic dielectric capacitors with a 
high permittivity (Type 2 ) suitable for by-pass and coupling application 
or for frequency discriminating circuits where low losses and high stabi- 
lity of capacitance are not of major importance, 

0.3 This standard was originally published in 1965, and then amended 
in 1969. Subsequently methods of tests for all types of capacitors are 
grouped in IS : 7305 ( Part I )-1973*. This standard is revised with a 
view: 

a) to bring it in line with latest lEC documents on the subject and 
IS : 7305 ( Part I )-1973*, which is a necessary adjunct to this 
standard; 

b) to review the climatic categories and change in refree tempera- 
ture based on the latest technological improvements; 

c) to review the schedule of type tests and number of samples 
required; 

d) to review the schedule of acceptance tests, AQL values and 
inspection levels; and 

e) to improve certain performance requirements. 

♦Specification for fixed capacitors used in electronic equipment; Part I General 
requirements and tests. 
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0.4 While preparing this standard assistance has been derived from the 

following: 

lEG Doc: 40 ( Sectt ) 278 Draft — fixed capacitors of ceramic 
dielectric. Type 2. Selection of methods o£ test and general 
requirements, issued by International Electrotechnical Commis- 
sion. 

JSS: 50203 - 1971 Detail specification for capacitors, fixed, ceramic 
dielectric, general purpose, issued by Directorate of Standardi- 
sation. Department of Defence Production, Ministry of Defence, 
New Delhi, 
0.5 For the purpose of deciding whether a particular requirement of 
this standard is complied with, the final value, observed or calculated, 
expressing the result of a test, shall be rounded oflf in accordance with 
IS : 2-1960*. The number of significant places retained in the rounded ofif 
value should be the same as that of the specified value in this standard. 



1. SCOPE 

1.1 This standard ( Part I ) prescribes general requirements and test 
methods for ceramic dielectric capacitors, type 2 with a high permittivity 
including leadless capacitors intended for use in electronic and telecom- 
munication equipment. 

1.1.1 Capacitors for radio frequency currents exceeding lA or for a 
reactive power exceeding 200 VAR are not covered by this standard, 

2. TERMINOLOGY 

2.1 For the purpose of this standard, the following terms and definitions, 
in addition to those covered in IS : 7305 ( Part I )-1973t apply. 

2-1.1 Type J Capacitors — Capacitors suitable for usg in resonant circuits 
or any other applications where low losses and high stability are 
essential. 

2.1.2 Type 2 Capacitors — Capacitors suitable for by-pass and coupling 
applications or in frequency discriminating circuits where low loss and 
high stability of the capacitors are not of major importance. The ceramic 
dielectric is characterised by the maximum change ot capacitance in 
percent over the category temperature range ( see Table 1 and 5.1.1 ). 

3. STABILITY CLASSIFICATION 

3.1 Five stability classes of ceramic dielectric capacitors, type 2 combined 
with temperature ranges ( see 4.2 ) are given in Table 1. The permis- 
sible maximum capacitance changes in percent, within the category 



*RuIes for rounding off numerical values ( revised ). 

fSpecification for fixed capacitors used in electronic equipment; Part I General 
requirements and tests. 
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temperature range, with or without vohage application, are given with 
respect to the capacitance, at27°G without any voltage applied. 





TABLE 1 STABILITY CLASSIFICATION 


f 








(Clauses 2.2, 


3.1, flnrf9.3.5.4) 






Letter 
Code 


Maximum Capacitance 
Change in Percent 


Category Temperature Ranges 




Without 
Voltage 
Applied 


With Rated 

dc Voltage 

Applied 


-55/ 
-fl25^G 


-55/ 
+85°G 


-40/ 
+85'='G 


-10/ 
+70°G 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


B 


±10 


+ 10 
-15 


— 


X 


X 


X 


G 


±20 


+20 
-30 


X 


X 


X 


— 


D 


+20 
-30 


+ 20 
-40 


— 


— 


— 


X 


E 


+20 
-55 


+20 
-70 


— 


X 


X 


— 


F 


+30 
-30 


+30 
-90 


— 


X 


X 


— 



4. CLIMATIC CATEGORIES 

4.1 The ceramic dielectric capacitors, type 2, covered in this standard are 
classified into climatic categories according to the general rules given in 
IS : 589-1961*. 

4.2 Capacitors covered by this standard shall belong to one of the 
preferred climatic categories given in Table 2, based on their ability to 
withstand the climatic severities. 

5- RATINGS 

5J Rated Capacitance — The value of rated capacitance ( Cn ) shall 
be chosen from E6 and E12 series of IS : 824-I965t, 

5.1.1 Tolerance on Rated Capacitance — The permissible tolerances on 
rated capacitance values shall be chosen from the following: 

Tolerance Preferred Series 

, -^ ^ ( see IS : 824-1965^ ) 

For Cr > 10 pF For Cr< 10 pF ' ' ^ 

+ 80 percent") 

— 20 percent I 

+ 50 percent y ± 1 pF E6 

— 20 percent | 
± 20 percentj 

± 10 percent ± 1 pF E12 

♦Basic climatic and mechanical durability tests for electronic components (revised). 
tPreferred values for resistors and capacitors ( revised). 
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TABLE 2 CLIMATIC CATEGORIES 

( Clause ^.2) 





Sev 


EKITIES 




Category 1 

, . . . ^: 


Category 2 


Category 3 


r 

A 


1 
B 






(3) 


w 


(S) 


(6) 


+ 125 


85^C 


+ 85°G 


+ 70°G 


^SS^'G 


-55°G 


-40°G 


— lO^G 


56 days 


56 days 


21 days 


10 days 


6 cycles 


6 cycles 


2 cycles 


1 cycle 


+ 125 to 


+ 85 to 


+ 85 to 


Not 


-55°C 


-55°G 


-40^G 


applicable 


4-4 kPa 


4-4 kPa 


8-5 kPa 


60kPa' 



Sl Climatic Test 

No. (18:589-1961*) 



(1) (2) 

i) Dry heat 

ii) Cold 

iii) Damp heat ( long term ) 

iv) Damp heat ( accelerated ) 

v) Rapid change of temperature 

vi) Low air pressure 

Note — In case of special requirements where the above categories cannot be 
applied strictly the other combinations of severities may be agreed to between the 
manufacturer and the purchaser provided such severities are chosen from IS : 589- 
1961*. 

♦Basic climatic and mechanical durability tests for components for electronic and 
electrical equipment (revised). 

5.2 Rated Voltage — The values of dc rated voltage shall be chosen 
from the following: 

12-5, 25, 31-5, 40, 50, 63, 100, 125, 160, 250, 400, 500, 630, 1 000 
and 1 600V. 

Note — The values of rated voltage are derived from R5 and RIO series of 
IS; 1076-1961*, 

6. CONSTRUCTION AND WORKMANSHIP 

6.1 The construction and workmanship shall be in accordance with 5 of 
IS: 7305 (Part I)-1973t. 

7. DIMENSIONS 

7.1 The dimensions shall conform to those specified in the relevant 
detail specification. 



♦Preferred numbers {first revision ). 

tSpecification for fixed capacitors used in electronic equipment; Part I General 
requirements and tests. 
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8. MARKING 

8.1 The following infornaation in order of importance shall be clearly 
marked on the capacitor: 

a) Rated capacitance ( may be in a coded form according to IS: 
8186-1976* ), 

b) Tolerance on rated capacitance value ( may be in a coded form 
according to IS : 8186-1976*), 

c) Rated voltage, 

d) Stability class, 

e) Manufacturer's name or trade-mark, 

f ) Indication of appropriate category according to this standard, 

g) Week ( or month ) and year of manufacture ( may be in a coded 
form according to IS : 8186-1976*), 

h) Style reference ( as given in relevant detail specification ), 

j) Manufacturer's type designation, and 

k) Any other marking if required by the purchaser, 

8.1.1 Each capacitor shall be clearly marked with ( a ), { b ) and ( c ) 
and with as many as possible of the remaining items in the order given 
in 8.1. 

8.1.2 The package, containing the capacitor(s) shall be clearly marked 
with all the information listed in 8.1. 

8.1.3 Any additional marking on the capacitor or its package or both 
shall be so applied that no confusion may arise. 

8.2 The capacitors or its package may also be marked with ISI Certifica- 
tion Mark. 

Note — The use of the ISI Certification Mark is governed by the provisions of 
the Indian Standards Institution ( Certification Marks ) Act and the Rules and 
Regulations made thereunder. The ISI Mark on products covered by an Indian 
Standard conveys the assurance that they have been produced to comply with the 
requirements of that standard under a well-defined system of inspection, testing and 
quality control which is devised and supervised by ISI and operated by the 
producer. ISI marked products are also continuously checked by ISI for conformity 
to that standard as a further safeguard. Details of conditions under which a licence 
for the use of the ISI Certification Mark may be granted to manufacturers or 
processors, may be obtained from the Indian Standards Institution. 

9. TESTS 

9.1 Classification of Tests 
9.1.1 Type Tests 



♦Marking codes for values and tolerances of resistors and capacitors. 

7 
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9.U.1 Type approval procedure — The procedure for type approval 
shall be in accordance with IS : 2612-1965*. 

9.1.1.2 Mumher of samples — Unless otherwise specified, the number 
of samples for each type shall be 24 or 28 ( see Table 3 ). 



Gboup 



TABLE 3 SCHEDULE OF TYPE TESTS 

{Clauses 9.\AX 9.1.1.3 aw^ 9.1.1.4 ) 
Number of SamI'les Title of Tests 



Ref to 



0) 



2 
3 
4 
5 
6 



Each Temperature 
Characteristic, Each 
Operating Tempera- 
ture Range and Each 
Voltage in a Style 

(2) 



24 



6 

4 
2 
3 

2 



Only One Te 


;mpera- 




uijAUori 


ture Characteristic, 






Operating Te 


mpera- 






ture Range in Each 






Voltage in a 


Style 






(3) 




(4) 


(5) 






"Visual examination 
Dimensions 


9.4.1 






9.4.2 






Capacitance 


9.3.1 


28 




-< Tangent of loss angle 


9.3.2 






Voltage proof (one 


9.3.4 






mJTiute ) 








Insulation resistance 


9.3.3 






"Solderabllity 


9.4.4.1 






Robustness of termina- 


9.4.3 






tions 








Resistance to soldering 


9.4.4.2 






heat 








Bump 


9.4.6 


6 




-{ Vibration 


9.4.5 






Shock 


9.4.7 






Acceleration ( steady 


9.4.8 






state ) 








Rapid change of 


9.5.3 






temperature 








Climatic sequence 


9.5.1 


6 




Damp heat ( long term ) 


9.5.2 






fTemperature charac- 


9.3.5 


8 




^ teristic of capacitance 








(^Endurance 


9.6.2 


2 




Mould growth 


9.5.5 






f Resistance to solvents 


9.6.3 


3 




-{ Resistance to solder- 
(^ ing heat 


9.4.4.1 


2 




Salt mist 


9.5.4 



Spares 



♦Recommendation for type approval and sampling procedures for electronic 
components. 
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9.1.1.3 Selection of samples — The samples shall be representative of 
the range of values of the type under consideration. Samples shall 
comprise quantities in the closest voltage temperature characteristic in 
each voltage rating and operating temperature range in each style. The 
samples shall be of the highest capacitance and closest tolerance in each 
voltage temperature characteristic. 

Note — A capacitor subjected to type tests according to Table 3 shall not be 
used in the equipment nor be returned to bulk supply. 

9.1.1.4 Schedule of type test — The capacitors shall be subjected to 
the tests specified in Table 3, in the given order. After the completion 
of tests specified under group 0, the samples shall be divided into six 
groups for further testing. 

9.1.2 Routine Tests — The following tests shall be carried out on each 
capacitor: 

a) Visual examination, 

b) Voltage proof ( as a flash test ), and 

c) Capacitance. 

9.1.3 Acceptance Tests — Two group of samples ( groups A and B ) shall 
be selected ( see Appendix B of IS : 2612-1965* ) from the lot which has 
passed the routine tests as specified in 9.1.2 and the capacitors in each 
group shall be subjected to the tests specified in Table 4 in the given 
order. 

9.2 General Conditions for Tests- — The general conditions for tests 
shall be in accordance with 7.2 of IS: 7305 (Part I )-1973t, with the 
following addition to preconditioning. 

9.2.1 Special Preconditioning — This shall be for one hour at the 
upper category temperature or at such higher temperature as may be 
specified in the relevant detail specification, followed by a recovery 
period of 24 hours. This replaces drying according to 7.2.4 of IS : 7305 
(Partl)-19?3t. 

NoTE' — Type 2 capacitors lose capacitance continuously with time according 
to logarithmic law (this is called ageing). However, if the capacitor is heated 
to a temperature above the curie point of its dielectric, then 'de-ageing' takes place, 
that is, the capacitance lost through 'ageing' is regained and the ^ageing' recom- 
mences from the time when the capacitor recools. The purpose of this special 
preconditioning is to bring the capacitor to a defined state regardless of its previous 
history {see Appendix A ). 

'"Recommendation for type approval and sampling procedure for electronic 
equipment. 

tSpecificaiion for fixed capacitors used in electronic equipment: Part I General 
requirements and tests. 
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TABLE 4 SCHEDULE OF ACCEPTANCE TESTS 



(Clause 9A.3) 



Test 



(1) 
Group * A ' Tests 

Dimensions 
Tangent of loss angle 
Insulation resistance 



Ref to 
Clause 



(2) 



9.4.2 1 

9.3.2 y 

9.3.3 J 



9.3.5 



9.4.4.: 
9.4.3 
9.4.6 
9.5.1 



9.6.2 



( Peboekx 
Defective ) 

(3) 



1 percent 



Group ' B ' Tests 

Sub-group I 

Temperature characteristics 
of capacitance 

Sub-group II 

Solderability 

Robustness of terminations 

Bump 

Climatic sequence 

Sub-group III 
Endurance ( 168 h ) 

ND = Non-destructive, 
D = Destructive. 

*IS:2500 (Partl)-1973 Sampling inspection tables 
butes and by count of defects ( first revision). 



4 percent 



4 percent 



4 percent 



Inspection 
Level 



(4) 



II 



S3 



S3 



S3 



D/iND 



(5) 



ND 



ND 



D 



ND 



Part I Inspection by attri- 



9.3 Electrical Tests 

9«3.l Capacitance — This test shall be carried out in accordance with 
7.3.2 of IS : 7305 (Part I)-i973* with the following additional 
details/modifications: 

a) Measuring conditions — The capacitance shall be measured with 
the help of bridge or any other suitable means and corrected, if 
necessary by calculation, to the reference temperature of 27^G 
using the nominal temperature coefficient. The standard 
frequency for measurement shall be 1 kHz ± 10 percent for 
C > 100 pF or 1 MHz ± 10 percent for C < 100 pF. The applied 
voltage shall be less than 5 V. 

Note — When measurements are made before and after test, the apparatus and 
method employed shall be the same in each case. 



♦Specification for fixed capacitors used in electronic equipment: Part I General 
requirements and tests. 
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b) Accuracy — The measuring method shall be such that the error 
does not exceed: 

i) 10 percent of the tolerance on the rated capacitance for 
absolute capacitance measurement. 

ii) 10 percent of specified rnaxirnurn change of capacitance for 
measurement of variation of capacitance. 

Note — Temperature variation due to handling shall be avoided. 

c) Requirement — The capacitance value shall correspond with the 
rated capacitance, taking into account the tolerance. For referee 
measurements the capacitance value shall be the value after an 
ageing time of 1 000 hours ( see Appendix A ). 

9.3.2 Tangent oj the Loss Angle ( Tan 6) — This test shall be made in 
accordance with 7.3.3 of IS: 7305 (Part I )-1973* with the following 
additional details/ modifications, 

a) Accuracy — The measuring instrument shall have an accuracy of 
the order of 0*00 L 

b) Requirements — The tangent of loss angle shall not exceed 
350-10-^ 

Note — The tangent of loss angle shall not be measured within 30 minutes of 
application of a dc voltagej for example, as applied in measurement of insulation 

resistance. 

9.3.3 Insulation Resistance ( Ri ) — This test shall be carried out in 
accordance with 7.3.6 of IS : 7305 (Part I )-1973* with the following 
additional details/modifications: 

a) The voltage as specified in Table 5 shall be applied between: 

i) terminations, and 

ii) terminations connected together and the case ( where 
metallic ) or the metal foil wrapped around the body ( where 
the capacitor is insulated ). 

Note — The voltage shall not be applied gradually but shall be applied at once 
through the internal resistance of the test apparatus. The product of this internal 
resistance ( in megohms ) and the rated capacitance value ( in microfarads ) of the 
capacitor under test shall not exceed one second. The charging current shall not 
exceed 0"05 A. 



♦Specification for fixed capacitors used in electronic equipment: Part I General 
requirements and tests, 

11 
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TABLE 5 TEST VOLTAGE FOR INSULATION RESISTANCE 
MEASUREMENT 

{Clause 9.3,3) 

Rated Voltage {Ur) ' Measutung Voltage 

(1) (2) 

Volts Volts 

t/i?<100 10 ±1 

100</7ie<500 lOOdilS 

Ur > 500 500 ± 50 

b) Requirements — The insulation resistance shall not be less than 
the values specified below: 

Climatic Category Rx R\ Cr 

{seeA.2) ( M n ) ( seconds ) 

1 10 000 250 

2 and 3 4 000 100 

9.3.4 Voltage Proof — This test shall be carried out in accordance 
with 7.3.1 of IS: 7305 (Part I)-1973* with the following additional 
details/modification: 

a) A direct voltage of the value specified in Table 6 applied for a 
period of one minute ^ 5 seconds, between: 

i) Terminations, and 

ii) Terminations connected together and the case ( where metal- 
lic ) or metal foil wrapped over the body ( where the 
capacitor is insulated ). 

Note — The product of the internal resistance and the rated capacitance value 
of the capacitor under test plus any parallel capacitance in the test apparatus shall 
not exceed one second. The charging current shall not exceed 0*05A. 

b) When this test is called for as flash test, the voltage shall be 
applied for two seconds. 

c) Requirements — The capacitor shall withstand this test without 
breakdown or flash-over. 

TABLE 6 VOLTAGE FOR VOLTAGE PROOF TEST 

Rated Voltage Test Voltage 

{Ur) 

(1) (2) 

Volts Volts 

< 500 2-5 Ur 

> 500 l-5i7if + 500 



* Specification for fixed capacitors used in electronic equipment: Part I General 
requirements and tests. 
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Rated Voltage 


Temperature 




Reference 


— 


a 


— 


b 


— 


d 


— 


f 


X 


f 


X 


g 


X 


b 
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9,3.5 Temperature Characteristic of Capacitance 

9.3.5.1 Preconditioning — The capacitors shall be preconditioned in 
accordance with 9.2.I. 

9.3.5.2 Measuring conditions — The capacitors shall be maintained at 
each of the temperatures mentioned below, under the condition stated 
against each: 

Temperature 

27±2"G 

Lower category temperature i 3°C 

27 ± 2°G 

Upper category temperature ± 2*^0 

Upper category temperature ± 2**C 

27 ± 2^G 

Lower category temperature ± S'^G 

27 ± 2*'G _ a 

Note 1 — X indicates : Rated voltage applied 

— indicates : No rated voltage applied 

Note 2 — Measurements shall be made at such intermediate temperature as to 
ensure that the requirements of 5,1.1 are met. 

Note 3 — The capacitance for reference is measured at temperature reference d. 

Note 4 — Because of the effects described in 9.2.1 the capacitance values 
measured at temperature reference/, a and b v^^ith rated voltage applied, are time 
dependent. This time dependency is included in the given limits of capacitance 
change. 

The capacitance change between the first and the last measurements at 
temperature reference a indicates the amount of ageing involved. 

In case of dispute about results of measurements with rated voltage applied 
it is advisable to agree upon a fixed time interval between measurements at 
temperature reference^ and b. 

9.3.5.3 Capacitance measurements shall be made at each of the 
temperatures specified in 9*3.5.2 after the capacitor has reached thermal 
stability. The condition of thermal stability shall be judged to have been 
reached when two readings of capacitance taken at an interval of not less 
than 5 minutes do not differ by an amount greater than that which can be 
attributed to the measuring apparatus. Care must be taken during 
measurements to avoid condensation or frost on the surface of the 
capacitors. 

9.3.5.4 Requirements — The temperature characteristic with or without 
rated voltage applied shail not exceed the value given in the relevant 
detail specifications, 
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9.4 Physical and Mechanical Tests 

9.4.1 Visual Examination — The capacitors shall be visually examined 
for compliance with requirement of marking and finish. 

9.4.2 Dimensions — The dimensions shall be checked for compliance 
with those specified in the relevant detail specification. 

9.4.3 Robustness of Terminations 

9.4»3*1 Tensile test — This test shall be carried out in accordance 
with 7.4.3.1 of IS: 7305 ( Part I )-1973* with the following additional 
details/modifications, for capacitors with radial wire terminations: 

a) When load is applied radially, the body of the component shall be 
supported and the terminations shall be loaded. The loading 
mass shall be 500 g and applied gradually ( see Fig. I A ). 

b) When load is applied axially, the leads shall be bended close to 
the capacitor body so that they become located in the same plane 
as the capacitor body. The load shall be stress free at the point 
indicated by *X' {see Fig. IB). The loading mass shall be 
250 g and applied gradually. 



SUPPORT 





SUPPORT 
LOAD LOAD 



LOAD 
1A Radial Load 1B Axial Load 

Fig. I Arrangement for Tensile Test 

9.4.3.2 Bending [for axial wire terminations only ) — This test shall be 
carried out in accordance with 7.4.3.2 of IS : 7305 ( Part I )-1973*. 



♦Specification for fixed capacitors used in electronic equipment : Part I General 
requirements and tests. 
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9.4.3.3 Torsion {for axial wire terminations only ) — This test shall be 
carried out in accordance with 7.4,3.3 of IS : 7305 ( Part I )-1973*. 

9.4.3.4 Torque {for nuts and threaded terminations ) — This test shall be 
carried out in accordance with 7.4.3,4 of IS : 7305 ( Part I )-I973*. 

9.4.3.5 Requirements — There shall not be any visible damage after 
any of these tests, 

9.4.4 Soldering 

9.4.4.1 Solderability of terminations — This test shall be carried out 
in accordance with 7.4,4 of IS : 7305 ( Part I )-1973*5 with the following 
additional details/modifications: 

a) Measuring Conditions — There shall be no predrying. Wetting 
time shall be as follows: 

With activated flux < 2 seconds 

With non-activated flux < 4 seconds 

b) Requirements — The terminations shall get wet easily and the 
tinning shall be uniform and good. 

9.4.4.2 Resistance to soldering heat — This test shall be carried out in 
accordance with 7.8.2.5 of IS : 589-1961| with the following additional 
details/modifications: 

a) Preconditioning — The capacitors shall be subjected for 1 hour to 
the upper category temperature followed by 24 hours under 
standard atmospheric conditions, 

b) Measuring conditions : 

Temperature of the bath 260 ± 5°G 

Duration of immersion 10 seconds for components for 

general use 
5 seconds for components specially 
designed for printed wiring 
applications 

Recovery 1 to 2 hours 

c) Requirements — There shall be no visible damage and marking 
shall be legible. The percentage change in capacitance shall not 
exceed the following values when compared with the value 
measured in 9.3.1 ( see also Table 1 ): 

:t 10 percent for classes B and C 

:i- 15 percent for class D 

±: 20 percent for classes E and F 

*Specification for fixed capacitors used in electronic equipment : Part I General 
requirements and tests. 

fBasic climatic and mechanical durability tests for electronic components [revised). 
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9.4.5 Vibration — This test shall be carried out in accordance with TA.5 
of IS : 7305 (Part I). 1973*, with the following additional details/ 
modifications: 

a) Mounting — The mounting shall be as prescribed in the relevant 
detail specifications. 

b) Conditioning — The severity shall be as specified in the relevant 
detail specification chosen from the following: 

Frequency Peak Value of Vibration Duration Climatic Category 
( Hz ) Amplitude ± 10 percent hours ( see 4.2 ) 

iO-2 000 0-75 mm or 20 g 12 lA 

whichever is less 

10=2 000 0-75 mm or 10 g 9 IB & 2 

whichever is less 

10-500 0-75 mm or IC g 6 3 

whichever is less 

c) Measurements and requirements during testing — Category 1 capacitors 
shall be loaded with rated voltage throughout the test During 
the last half an hour of vibration test in each direction electrical 
measurements shall be made in the capacitors to determine 
intermittent faults ( open or short circuits). It is desirable that 
the detecting equipment shall detect any interruption with a 
duration of 0*5 millisecond or greater. There shall be no 
interruption, 

d) Final inspection, measurements and requirements — Afier the test the 
capacitors shall be visually examined and there shall be no 
mechanical damage. Marking shall be legible. 

The capacitance, tangent of loss angle and leakage current 
shall be measured. The variation shall be within the limits 
specified in the relevant detail specification. 

9,4*6 Bum,p — This test shall be carried out in accordance with 7.4.7 of 
IS : 7305 ( Part I )-l973*, with the following additional details/ 
modifications: 

a) Mounting — The mounting shall be as prescribed in the relevant 
detail specifications. 

b) Conditioning — The degree of severity shall be: 
i) 4 000 bumps for category 1, and 

ii) 1 000 bumps for categories 2 and 3. 



♦Specification for fixed capacitors used in electronic equipment : Part I General 
requirements and tests. 
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c) Measurements and requirements during testing — Category 1 capacitors 
shall be loaded with rated voltage throughout the test. During 
the last half an hour of vibration test in each direction electrical 
measurements shall be made on the capacitors to determine 
intermittent faults ( open or short circuits ). It is desirable that 
the detecting equipment shall detect any interruption with a 
duration of 0'5 millisecond or greater. There shall be no 
interruption, 

d) Final inspection, measurements and requirements — After the test the 
capacitor shall be visually examined and there shall be no 
mechanical damage. Marking shall be legible. 

The capacitance, tangent of loss angle and leakage current shall 
be measured. The variation shall be within the limit specified in 
the relevant specification, 

9.4.7 Shock — This test shall be carried out in accordance with 7.4.8 
of IS: 7305 (Part I )-1973*, with the following additional details/ 
modifications: 

a) Mounting — The mounting shall be as prescribed in the relevant 
detail specification. 

b) Conditioning — The degree of severity shall be as specified in the 
relevant detail specification. 

c) Measurements and requirements during testing — Category 1 capacitors 
shall be loaded with rated voltage throughout the test. During 
the last half an hour of vibration test in each direction electrical 
measurements shall be made on the capacitors to determine 
intermittent faults ( open or short circuits ). It is desirable that 
the detecting equipment shall detect any interruption with a 
duration of 0*5 millisecond or greater. There shall be no 
interruption. 

d) Final inspection, measurements and requirements — After the test the 
capacitor shall be visually examined and there shall be no 
mechanical damage. Marking shall be legible. 

The capacitance, tangent of loss angle and leakage current shall 
be measured. The variation shall be within the limit specified in 
the relevant specification. 

9.4.8 Acceleration — This test shall be carried out in accordance 
with 7.4.9 of IS : 7305 ( Part I )-l973*, with the following additional 
details/modifications: 

a) Mounting — The mounting shall be as prescribed in the relevant 
detail specification. 

♦Specification for fixed capacitors used in electrcnic equipment: Part I General 
requirements and tests, 
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b) Conditioning — The degree of severity shall be as specified in the 
relevant detail specification, 

c) Aieasurements and requirements during testing — Category 1 capacitors 
shall be loaded with rated voltage throughout the test. During 
the last half an hour of vibration test in each direction electrical 
measurements shall be made on the capacitors to determine 
intermittent faults ( open or short circuits ). It is desirable that 
the detecting equipment shall detect any interruption with a 
duration of 0*5 millisecond or greater. There shall be no 
interruption, 

d) Final inspection^ measurements and requirements — After the test the 
capacitor shall be visually examined and there shall be no 
mechanical damage. Marking shall be legible. 

The capacitance, tangent of loss angle and leakage current shall 
be measured. The variation shall be within the limit specified in 
the relevant specification, 

9.5 Climatic Tests 

9-5.1 Climatic Sequence — This test shall be carried out in accordance 
with 7.5,1 of IS r7305 ( Part I )-1973* with the following additional 
details/modifications, 

9.5*1«1 Preconditioning — The capacitors shall be subjected to the 
upper category temperature for 1 hour followed by 24 hours under 
standard atmospheric conditions. 

9.5.1.2 Initial measurement — The capacitance shall be measured in 
accordance with 9.3.1. 

9.5.1.3 Dry heat — This test shall be carried out in accordance 
with 7.5.1.2 of IS : 7305 ( Part I )-1973* using the appropriate degree of 
severity. Duration of the test shall be 16 hours unless otherwise specified 
in the relevant detail specification. 

Half the samples shall be loaded with rated voltage. While the 
capacitors are still in test chamber, insulation resistance shall be measured, 
for category 1 and 2. Insulation resistance shall not be less than 100 M£i 
for category lA and 500 MI2 for category IB and 2. 

After recovery the capacitors shall be visually examined. There 
shall be no visible damage and marking shall be legible. 



♦Specification for fixed capacitors used in electronic equipment : Pari I General 
requirements and tests. 
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9.5.1.4 Damp heat ( accelerated ), first cycle — This test shall be carried 
out in accordance with 7.5.1.3 of IS : 7305 ( Part I )-1973*. 

After recovery the capacitors shall be visually examined. There 
shall not be any visible damage. Marking shall be legible. The capacitors 
then immediately be subjected to cold test. 

9.5.1.5 CoW — This test shall be carried out in accordance 
with 7.5.1.4 of IS : 7305 ( Part I )-1973*. The duration of exposure shall 
be two hours unless otherwise specified in relevant detail specification. 

After recovery, the capacitors shall be visually examined. There 
shall be no visible damage and marking shall be legible and indelible. 

9.5.1.6 Low air pressure — This test shall be carried out in accordance 
with 7.5.1.5 of IS : 7305 ( Part I )-1973*, with the following additional 
details/modifications; 

a) Measuring conditions — The measuring conditions shall be: 
i) 1 to 2 minutes at 4*4 kPa 

ii) Temperature 15 to 35°G 

iii) Rated v.oltage Ur applied during 1 to 2 minutes, immediately 
after achieving the pressure of 44 kPa. 

b) Requirement — There shall be no breakdown or flashover. 

9.5.1.7 Damp heat ( accelerated), remaining cycles — This test shall be 
carried out in accordance with 7.5.1.6 of IS : 7305 ( Part I )-1973* with 
the following additional details/modifications: 

a) Measuring conditions — The measuring conditions shall be: 
i) No voltage application 

ii) Number of cycles of 24 hours each 5 for category 1 

1 for category 2 
None for category 3 

9.5.1.8 Final inspection, measurement and requirements ■ — After a recovery 
period of 24 i 2 hours capacitors shall be visually examined. There shall 
be no visible damage and marking shall be legible. 



♦Specification for fixed capacitors used in electronic equipment : Part I General 
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The capacitance, tangent of loss angle and insulation resistance 
shall be measured and shall meet the following requirements: 

Measurement Measuring Requirement 

Condition , , a — . . , ^ 



C 

Tangent of 
loss angle 

Insulation 
resistance 



Ref Clause Classes B & C 



9.3.1.1 
9.3.2 

9.3.3 



^±10 percent 
< 50-10-3 



Class D 

<il5 percent 
< 70-10-3 



Classes E & F 
<±20 percent 
< 7010-3 



10 000 UQ for 

category 1 

1 000 MO, for 

categories 2 

and 3 



10 000 MHfor 

category 1 
1 000 Mil for 
categories 2 
and 3 

carried out in 



10 000 MQ for 
category 1 
1 000 MD for 
categories 2 
and 3 

9«5.2 Damp Heat ( Lon^ Term ) — This test shall be 
accordance with 7.5,2 of IS : 7305 ( Part I )-1973* with the following 
additional details/modifications: 

a) Preconditioning — The capacitor shall be subjected to the upper 
category temperature for one hour followed by 24 hours under 
standard atmospheric conditions. 

b) Initial measurements — The capacitance shall be measured. 

c) Measuring conditions — Voltage shall not be applied unless other- 
wise specified in the relevant detail specification. 

d) Final inspection, measurements and requirements — After a recovery 
period of 24 ^ 2 hours the capacitors shall be visually examined. 
There shall be no visible damage and marking shall be legible. 

The capacitance, tangent of loss angle, insulation resistance 
shall be measured and shall meet the following requirements: 



Measurement 


Measuring 

Condition 

Ref Clause 




Requirement 






Classes B & G 


Class D 


Classes E & f" 


AC 
C 


9.3.1,1 


< 10 percent 


< 15 percent 


< 20 percent 


Tangent of 
loss angle 


9.3.2 


< 50-10-3 


< 70-10-3 


< 70-10-3 


Insulation 


9.3.3 


10 000 Mn for 


10 000 MQ for 


10 000 MO for 


resistance 




category 1 
1 000 Mh for 


category 1 
1 000 MO for 


category 1 
1 000 MO for 






categories 2 
and 3 


categories 2 
and 3 


categories 2 
and 3 



*Specification for fixed capacitors used in electronic equipment : Part I General 
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9.5.3 Rapid Change of Temperature — This test shall be carried out in 
accordance with 7.5.3 of IS : 7305 ( Part I ).1973*, with the additional 
details/modifications: 

a) Preconditioning — The capacitance shall be subjected for one hour 
to the upper category temperature followed by 24 hours under 
standard atmospheric conditions. 

b) Initial measurements — The capacitance shall be measured. 

c) Measuring conditions: 

i) Number of cycles shall be 5 with 30 minutes at each extreme 

temperature, 
ii) Recovery shall be of 24 i 2 h under standard atmospheric 

conditions. 

d) Final inspection, measurements and requirements'* 

i) The capacitors shall be visually examined and there shall be 

no visible damage. 
ii) The capacitance shall be measured in accordance with 9.3.1. 
The percentage change in capacitance shall not exceed the 
following: 

±10 percent for classes B & G 
± 15 percent for class D 
± 20 percent for classes E & F 
iii) The capacitors shall be subjected to voltage proof test. The 
capacitors shall withstand this test without breakdown or 
flash-over. 

9.5.4 Salt Mist ( Applicable to Feed-Through and Stand-Off Types Only ) — 
This test shall be carried out in accordance with 7.5.5 of IS ; 7305 ( Part I )- 
1973*. The duration of the exposure shall be four days. 

The capacitors shall be visually examined. There shall be no visible 
damage and marking shall be legible. 

9.5.5 Mould Growth — This test shall be carried out in accordance 
with 7.5,4 of IS : 7305 ( Part I )-1973*. The capacitors shall be visually 
examined. There shall not be any mould growth visible to naked eye. 

9.6 Miscellaneous Tests 

9.6.1 Storage ( Normal ) — Under consideration. 

♦Specification for fixed capacitors used in electronic equipment; Part I General 
requirements and tests, 
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9.6.2 Endurance — This test shall be carried out with 7.9 of IS : 7305 
( Part I }-1973* with following details: 

a) Preconditioning — The capacitors shall be subjected for one hour 
to the upper category temperature followed by 24 hours under 
standard atmospheric conditions. 

b) Initial measurement — The capacitance shall be measured in 
accordance with 9.3.1, 

c) Measuring conditions — The conditions for endurance test shall be: 
i ) Temperature Upper category temperature 

ii) Voltage applied 1*5 Ur 

iii ) Duration 2 000 hours with rated voltage applied 

for category 1, and 1 000 hours for 
categories 2 & 3 with no voltage 
applied 

d) Final inspection^ measurements and requirements — After a recovery 
period of 24 i 2 h the capacitors shall be visually examined and 
there shall be no visible damage and marking shall be legible. 

The capacitance, tangent of loss angle and insulation resistance 
shall be measured and shall meet the following requirements: 

Measurement Measuring Requirement 

Condition 



AC 

c 



Ref Clause Classes B & C Class D Classes E & F 
9.3.1.1 < 20 percent < 20 percent < 20 percent 



Tangent of loss angle 9,3.2 < 50- 10-3 < 70-10"3 ' < 70-10-3 

Insulation resistance 9.3.3 lOOOOMflfor lOOOOMQfor lOOOOMQfor 

category 1 category 1 category 1 

2 000 MQ for 2 000 MQ for 2 000 MQ for 
categories 2 categories 2 categories 2 
and 3 and 3 and 3 

9.6.3 Resistance to Solvents — This test shall be carried out in accordance 
with IS : 9000 ( Part XX )-1979t. 



♦Specification for fixed capacitors used in electronic equipment; Part I General- 
requirement and tests. 

tBasic environmental testing, procedures for electric and electronic items: Part XX 
Resistance to cleaning solvents and permanence of workings. 
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APPENDIX A 

[Clauses 9.2.1 and93A (c)] 

CAPACITANCE AGEING OF FIXED CERAMIC 
DIELECTRIC CAPACITORS, TYPE 2 

A-L INTRODUCTION 

A-1.1 Most type 2 dielectrics used for ceramic capacitors are ferro- 
electric, exhibiting a ferroelectric Curie temperature. Above this tempera- 
ture the dielectric has the highly symmetric cubic crystal structure where- 
as below the Curie temperature the crystal structure is less symmetrical. 
Although in single crystals this phase transition is very sharp, in practical 
ceramics it is often spread over a finite temperature range, but in all cases 
it is linked with a peak in the capacitance/temperature curve. 

Under the influence of thermal vibration the ions in the crystal 
lattice continue to move to positions of lower potential energy for a long 
time after the dielectric has cooled through the Curie temperature. This 
gives rise to the phenomenon of capacitance ageing, whereby the capacitor 
continually decreases its capacitance. However, if the capacitor is heated 
to a temperature above the Curie temperature, then de-ageing takes place, 
that is, the capacitance lost through ageing is regained, and ageing 
recommences from the time when the capacitor re-cools. 

A-2- THE LAW OF CAPACITANCE AGEING 

A-2,1 During the first hour after cooling through the Curie temperature 
the loss of capacitance is not well defined, but after this time it follows a 
logarithmic law which can be expressed in terms of an ageing constant. 

The ageing constant k is defined as the percentage loss of capacitance 
due to the ageing process of the dielectric which occurs during a ' decade ' 
that is, a time in which the capacitor increased its age tenfold, for 
example, from I to 10 hours. As the law of decrease of capacitance is 
logarithmic the percentage loss of capacitance will be 2 /: between 1 hour 
and 100 hours age and 3 A: between 1 hour and 1 000 hours age. This may 
be expressed mathematically by the following equation: 



Ct = Ci( 1 _ A.iog„«) 



where 



Ci is the capacitance t hours after the start of the ageing 
process, 
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Ci is the capacitance 1 hour after the start of the ageing 

process, 
k is the ageing constant in percent per decade ( as defined 

above ), and 
t is the time in hours from the start of the ageing process. 

The ageing constant may be declared by the manufacturer for a 
particular ceramic dielectric, or it may be determined by de*ageing the 
capacitor and measuring the capacitance at two known times thereaften 

k is then given by the following equation: 

100(Ct ~Ct ) 



k = 



Q logio-7^ 
1 h 



If capacitance measurements at three or more times are made, then 
it is not necessary to de-age the capacitor beforehand, but the calculation 
is a little more complicated since the time zero is not known and must be 
inferred from the data. During measurements of ageing the capacitor 
should be maintained at a constant temperature so that capacitance 
variations due to the temperature characteristic do not mask those due to 
ageing. 

A-3. CAPACITANCE MEASUREMENTS AND CAPACITANCE 
TOLERANCE 

A-3*l Because of ageing it is necessary to specify an age for reference 
measurements at which the capacitance shall be within the prescribed 
tolerance. This is fixed at 1 000 h, since for practical purposes there is 
not much further loss of capacitance after this time. 

In order to calculate the capacitance Ciooo ^ftcr 1 000 hours the 
ageing constant must be known or determined as given in A-2.1 when the 
following formula may be used: 



'1 000 



^{ ^ - 14( ^ - ^°s-0] 



For routine measurements by manufacturers the loss of capacitance 
from the age at time of measurement to 1 000 hours age will be known 
and may be off-set by using asymmetric inspection tolerances. For 
example, if it is known that the capacitance loss will be 5 percent then 
the capacitors may be inspected to limits of + 25/ — 15 percent instead of 
J;: 20 percent. 
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Capacitance is normally declared at 2T0, and it may be necessary 
to measure at this temperature or correct the results to this temperature. 
Errors may also arise from heat from the hands, and capacitors should 
therefore always be handled by tweezers. 

A-4. SPECIAL PRECONDITIONING 

A-4.1 In many of the tests in this standard it is required to measure the 
capacitance change which results from a given conditioning ( for example, 
ilimatic sequence ). In order to avoid the interfering effect of ageing the 
capacitor is preconditioned before these tests by maintaining it for 1 hour 
at the upper category temperature followed by 24 hours at standard 
atmospheric conditions. For those capacitors with a Curie temperature 
below the upper category temperature this results in de-ageing and 
subsequently bringing the capacitors to an age of 24 hours. 

The recovery after the conditioning is also arranged if possible to 
bring the capacitors to an age of 24 hours, so that capacitance changes 
due to ageing are minimized. 

If the Curie temperature of the dielectric is above the upper category 
temperature then the special preconditioning will not completely de- 
ageing the capacitor, but it will nevertheless bring it into a state where its 
capacitance is not so dependent on its previous history, and the same 
effect will be achieved, though the ageing state will not be the same as if 
the capacitor had been completely de-aged. In order completely to 
de-age such capacitors temperature up to 160°C may be required, and this 
temperature could be deleterious to the encapsulation. Therefore in the 
few cases where complete de-ageing of such capacitors may be required 
the detail specification should be consulted for details and any necessary 
precautions. 
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